The iron based mesoporous silica (Fe 2 O 3 /SBA-15) was studied for the first time for adsorption of phenol as a model adsorbate compound. The structural and textural properties of the synthesized samples were characterized by means of X-Ray Diffraction, Transmission Electron Microscopy, FTIR and element analysis techniques by Energy Dispersive X-Ray (EDX). The result of XRD analysis showed that mesoporous SBA-15 silica molecular sieves which modified with Fe 2 O 3 has a hexagonal structure with a pore size is 4.90 nm and iron contents (25.27%) were found on the surface of the 
INTRODUCTION
Phenol compounds and their derivatives have been widely utilized in a number of activities such as, chemical industry 1 , petroleum refining 2 , conversion of coal dyes and pesticides in agriculture 3 . Phenols are classified as harmful pollutants because they are toxic to organisms even at low concentrations. Given the high toxicity and poor biodegradability, phenol needs to be eliminated before the liquid waste is released into the body of water. Various processes have been used in the removal of phenols from aqueous media, including membrane filtration 4 , biological degradation, electrochemical oxidation, catalytic photo oxidation and adsorption 5 . Among these methods, adsorption is most widely used because it is effective to removes many pollutants and the process is simple. The use of non-microporous material as phenol adsorbent is rarely used,which will be a consideration in this study, so that there will be an alternative material in reducing pollutants in the water.
Since the discovery of mesoporous silica materials in the 1990s, the synthesis and application of mesoporous solids have received intensive attention due to its highly ordered structure, larger pore size, and high surface area 6 . There are several mesopore adsorbents that have been used to adsorp phenol compounds, among others Activated Carbon (AC), Wood Chorcoal (WC) has an adsorption capacity of 98% and 90% 7 . In the previous research with adsorbent MCM-41 and zeolite obtained adsorption capacity of 71,2% and 80% [8] [9] . The SBA-15 material is a meso-silica solid (2 -50 nm) that provides greater access to absorb water-phenol molecules, making them suitable for adsorbing the phenol in the water. The SBA-15 silica characteristic is inert has a very ordered structure, large pore size (range of 4-30 nm), large specific surface area (> 1000 m ), thick frame wall, high thermal stability and size that can be controlled easily 10 . The porosity and regularity of the SBA-15 structure qualify as a material capable of adsorbing phenol effectively and efficiently.
In the use of SBA-15 silica adsorbent, there is difficult in separating the adsorbate. Therefore, a substitution is needed, or a metal that can assist the separation process. Characteristics of a metal that can help the separation process is a highly magnetic metal. The magnetic properties are generally owned by transitional group elements (Ti, Cr, Mn, Cu, Co, Fe, Ni). The transition group elements have high magnetic properties due to the presence of free electron bond in their d orbital, causing magnetic properties stronger. The effective metal used to assist the separation process of iron from Fe(NO 3 ) 3 which is a ferromagnetic transition class element. Fe is used to substitute, due to high magnetic properties, and they have high separation power so that the adsorption capacity can increase.
Based on the description above, in a study article on the mesoporous silica material SBA- 15 
Characterization of Fe 2 O 3 /SBA-15
Adsorbents are studied by several characterization techniques to identify structural and physiochemical properties. The adsorbent crystal form was identified by X-ray diffraction (Rigaku Multiflex 2 kW) conducted in the Geological Engineering Laboratory, Gadjah Mada University, Yogyakarta. The samples were scanned at a 2θ diffraction angle which small angle starts from 2-5° and a wide angle starts from 10-80°. Fourier Transform Infrared Analysis with (Shimadzu Corp. Prestige-21) at the Laboratory of the Faculty of Mathematics and Natural Sciences, Sebelas Maret University was conducted to identify functional groups associated with the adsorbent. The elements in the samples were calculated using EDX TSL Ametek with detector type: Sdd Apollo X and resolution:127.89. TEM identified the morphology of mesoporous silica and mesoporous silica embedded with iron oxide in Chemistry Laboratory, Faculty of Mathematic and Natural Sciences Gadjah Mada University. BET SBA-15 and Fe 2 O 3 /SBA-15 to identified surface area, volume, and pore diameter were analyzed using Quantacrome Nova 1200. For morphology of Fe 2 O 3 /SBA-15 was observed under transmission electron microscope.
Adsorption of phenol on Fe 2 O 3 /SBA-15
Adsorption experiments have been done with batch mode performed in the sample bottle. The standard solution prepared with diluted phenol in deionized water, where in the amount of the adsorbent in a fixed quantity of 0.0055 g is added to the phenol solution at a concentration of 200 mgL -1 . An adsorbent has stirer with speed 125 rpm, time balance set 24 hours. Every sample was taken each of 1 mL per time variation using a syringe. Finnaly, phenol concentrations was analyzed by UV (UV-2550, Shimadzu) spectroscopy at max λ 270 nm 13 . Each experiment is duplicated under the same conditions. The adsorbate absorption at equilibrium, q e (mmol/g), is calculated by the following equation:
(1)
Where C 0 and C e are initial concentrations and phenol equilibrium (mmol/L) in solution; V is the phenol solution volume (L) and m is the weight of the adsorbent Fe 2 O 3 /SBA-15 (g). The experiments were carried out at 25°C, the samples separated within 24 hours of variation.
The adsorption capacity were analized by Legergren and Ho and McKay models. The Lagergren an Ho and McKay kinetic models are described by equation (2) and (3) respectively.
With q e is the equilibrium adsorption capacity (mg/g), q t is the adsorption capacity at time t (mg/g), k is the Lagergren rate constant (min -1 ), k 2 is the Ho and McKay rate constant (g/mg. min) and t is contact time (minute).
RESULTS AND DISCUSSION
SBA-15 and Fe 2 O 3 /SBA-15 X-ray diffraction patterns are shown in Fig. 1a (Figure 3) . Based the X-ray diffraction results the graph overlaps in the range of 2θ 1-1.5 between Fe 2 O 3 / SBA-15 and SBA-15 (Fig 1b) which indicates that the addition of iron oxide to SBA-15 silica does not affect much of the crystal structure of SBA-15. In addition to the diffractogram a slight peak shift indicates an increase in the distance between the crystal plane and the unit cell parameters. In the study there was a partial change of Si by Fe on Fe 2 O 3 /SBA-15 adsorbent. In addition to the corresponding peaks of the SBA-15, another peak corresponding to iron oxide a hematite at 2θ (not shown in fig) . Small peaks associated with iron oxide indicate that no significant iron oxide crystalline phase is present outside the SBA-15 pore structure. 15 In Table 1 . It shows that pore diameter decreased 8.70 nm to 6.50 nm. The decrease in surface area and pore diameter, probably caused by filling of the pores with small iron particles, indicates successful iron oxide doping within the mesoporous silica of SBA-15 16 . The other reason came to the wet impregnation process that can be a stimulant for the blocking pore.
Sharp position shift from relative pressure (P/Po) which is 0.6 to 0.8 is a pore diameter characteristic in the range of mesoporous material 17 . This is also supported by research from MontielPalacios (2009) which states that Fe metal loading on the mesoporous surface of SBA-15 silica causes a decrease in SBA-15 surface area. Pressure variations are set relative to standard pressure that is (P/Po) through computer control with ranges (P/Po) from 0.05 to 0.995. While Vads vs P/Po relationship is formed because, the higher pressure that more nitrogen gas will be advertised by solids. Relationships will both be plotted automatically as Vads vs. P/Po graphs Where q e (mg/g) is the amount of phenol compounds adsorben upon reaching equilibrum, q t (mg/g) is the amount of phenol compounds adsorben at various times t (min), (min -1 ) and k 2 (g(mg/min) -1 ) are the rate constants of the the pseudo-first-order and the pseudo-second-order adsorption kinetic. In Table 3 . It shows that the adsorption curve of phenol compounds on Fe 2 O 3 /SBA-15 suitable and 
